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CZU 615.1:34

LEGISLATIA FARMACEUTICA INTERNATIONALA - 0 | INTERNATIONAL PHARMACEUTICAL LEGISLATION - A
NOUA DISCIPLINA PENTRU VIITORUL FARMACIST | NEW DISCIPLINE FOR THE FUTURE PHARMACIST

Stela Adauiji, Vladimir Safta, Mihail Brumarel
Catedra de farmacie sociala .Vasile Procopisin”,
Universitatea de Stat de Medicina si Farmacie ,Nicolae Testemitanu” din Republica Moldova

Autor corespondent: stela.adauji@usmf.md

Abstract. Compliance with health norms and standards has a direct impact on all mankind and on every
single person. Thus, knowledge of and compliance with the rules in the field of medicine and pharmaceu-
tical activity as components of the health system, is a world-class desideratum. The need to study IPL, is
conditioned by the influence of a number of factors: a). intensification of cooperation with pharmaceutical
enterprises/systems from abroad; b). training students from the country, as well as going abroad to gradu-
ates of the faculty and their employment in various types of pharmaceutical activity; c). promoting through
the State Medicines Policy the principle of ,.collaboration with WHO, other bodies and other countries”; d).
the need to harmonise national pharmaceutical legislation with the rules contained in international phar-
maceutical legislation. The mission of the IPL - ensuring the obtaining of knowledge, which would allow the
future specialist - pharmacist the possibility to be included in any type of pharmaceutical activity that pro-
vides for the interpretation and application of international legal norms in the field of medicine and phar-
maceutical activity. At the end of the study of the IPL graduate will be able to: be familiar to interpret the
rules contained in the IPL; to ensure the organization of the activity of any pharmaceutical company in ac-
cordance with the provisions of the IPL; to possess knowledge that ensures the possibility of involvement
in the process of harmonization of the national pharmaceutical legislation with international requirements.
Keywords: pharmacy, education, international legislation.

Rezumat. Respectarea normelor si standardelor din domeniul sanatatii are un impact direct asupra intregii
omeniri si a fiecarui om in parte. Astfel, cunoasterea si respectarea normelor din domeniul medicamentului
si activitatii farmaceutice ca parti componente ale sistemului sanatatii, reprezinta un deziderat de nivel
mondial. Necesitatea studierii LFI, este conditionata de influienta unui sir de factori: a). intensificarea co-
laborarii cu intreprinderi/sisteme farmaceutice de peste hotare; b). instruirea studentilor din stainatate,
precum si plecarea peste hotare a absolvetilor facultatii si incadrarea lor in diverse tipuri de activitate far-
maceutica; c). promovarea prin Politica de stat in domeniul medicamentului a principiului ..colaborarii cu
OMS, alte organisme precum si cu alte tari"; d). necesitatea armonizarii legislatiei farmaceutice nationale
cu normele cuprinse in legislatia farmaceutica internationala. Misiunea LFI - asigurarea obtinerii de cunos-
tinte, care sa-i permita viitorului specialist - farmacist posibilitatea de a fi incadrat in orice tip de activitate
farmaceutica ce prevede interpretarea si aplicarea normelor juridice internationale din domeniul medica-
mentului si activitatii farmaceutice. La finele studierii LFI absoventul va fi capabil: sa cunoasca si sa poata
interpreta normele cuprinse in LFl; sa asigurare organizarea activitatii oricarei intreprinderi farmaceutice
in conformitate cu prevederile LFI; sa posede cunostinte ce asigura posibilitatea implicarii in procesul de
armonizare a legislatiei farmaceutice nationale cu cerintele internationale.

Cuvinte cheie: farmacie, educatie, legislatie internationala.

INTRODUCERE = colaborarea, iar pentru viitor - intensificarea co-

Necesitatea studierii disciplinei “Legislatia far- laborarii intreprinderilor farmaceutice, a intregu-
maceutic3 internationald” (LFI) este conditionata de lui sistem farmaceutic al Republicii Moldova cu
influienta unui sir de factori: intreprinderi/sisteme respective de peste hotare;
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= instruirea in cadrul facultatii de farmacie a USMF

.Nicolae Testemitanu” a studentilor din straina-

tate, precum si plecarea peste hotarele Republicii
Moldova a absolvitilor facultatii si incadrarea lor
in diverse tipuri de activitate farmaceutica;
= promovarea de catre Politica de stat in domeniul
medicamentului (Hotdrarea Parlamentului RM
nr.1352/2002) a principiului ,colaborarii in dome-
niul medicamentelor si activitatii farmaceutice
cu OMS, alte organisme precum si cu alte tari”;

= necesitatea armonizarii legislatiei farmaceutice
nationale cu normele cuprinse in legislatia far-
maceutica internationala.

In institutiile/facultatile de invatdmant farmace-
utic, LFI ca disciplind aparte , nu s-a depistat. Doar
unele aspecte ale LFl, inclusiv de nivel european, se
regasesc in disciplina “Drept farmaceutic”, care sunt
incluse in programele de studii farmaceutice din
unele tari ex-sovietice [10 - 12 ].

SCOPUL LUCRARII

Scopul prezentei lucrari este argumentarea con-
ceptului si continutului noii discipline farmaceutice -
Legislatia farmaceutica internationala - ca disciplina
facultativa pentru studentii Faculatii de Farmacie a
USMF Nicolae Testemitanu din Republica Moldova.

MATERIAL S| METODE

Drept material a servit legislatia farmaceutica de
nivel international si European, pentru analiza carei
au fost folosite metodele: analiza logica, analiza de
continut, analogia, structurizarea scopurilor, mode-
larea educationala.

REZULTATE

In rezultatul analizei muliplelor surse de infor-
matie [1-9 et al.], s-a reusit conturarea urmatorului
continut al disciplinei LFI.

Dreptul international: notiuni si principii de bazd.
Notiuni de baza din domeniul dreptului intrenational.
Scopul reglementarilor internationale in domeniul
medicamentului. Documente de politici in dome-
niul medicamentului la nivel international. Strategii.
Conventiile in domeniul stupefiantelor, psihotrope-
lor si precursorilor. Cooperarea internationala in ma-
terie de produse farmaceutice. Conceptul dreptului
medical international. Forumul autoritatilor inter-
nationale de reglementare din sectorul farmaceutic
(IPRF).

Domenii farmaceutice reglementate la nivel in-
ternational. Reglementari internationale privind
cercetarile de elaborare a medicamentelor, standar-
dizare, fabricare, autorizare, distributie, farmacovi-
gilenta etc. lzvoarele de drept privind reglementa-
rile internationale in domeniul farmaceutic. Comisia
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Europeana (DG SANTE) si Agentia Europeana pentru
Medicamente (EMA) - coordonatori ai creatiei legis-
lative in domeniul medicamentului si activitatii far-
maceutice la nivelul UE.

Reglementarea cercetdrilor de elaborare a me-
dicamentelor. Reguli de buna practica de cercetare.
Reguli de buna practica in studiul clinic. Consilierea
stiintifica. Implicarea pacientilor si profesionistilor.
Rolul comitetului de experti (CHMP). Evaluarea unui
medicament. Regulile GLP. Proiectarea studiilor cli-
nice. Etapele. Protectia datelor. Etica in cercetarea
medicamentului. Bioetica si dreptul.

Buna practicd de fabricare a medicamentelor.
Regulile de buna practica de fabricatie a medica-
mentelor (GMP). Evolutia elaborarii - implementarii
regulilor GMP. Regulamente si Directive UE privind
Regulile GMP. Buna practica de inginerie (GEP). Rolul
Societatii internationale pentru ingineria farmaceu-
tica (ISPE). Ghiduri de BPFM: European, SUA et al.

Asigurarea legislativd internationald a calita-
tii, eficientei si inofensivitdtii medicamentelor. Far-
macopeea Europeana. Standarde de calitate pentru
medicamente. EDQM. LOCM. Certificatul de Adecva-
re (CA). Conceptul asigurarii calitatii medicamente-
lor (ACM). Regulile GLP. Eficienta si inofensivitatea
medicamentelor. Lupta cu falsificarea medicamen-
telor la nivel international si european.

Documentul tehnic comun al ICH privind autori-
zarea medicamentelor. Autorizarea medicamentelor
- principiu de baza al asigurarii calitatii, eficientei si
sigurantei medicamentelor plasate pe piata farma-
ceutica. Conferinta Initernationald pentru Armo-
nizare (ICH). Ghidurile ICH: Q1A, Q2, Q3, Q6, Q8, Q9,
Q10. Web-siteul oficial al ICH. Evolutia ICH. Produse
de lucru ale ICH. Activitatea de instruire.

Bunele practici de distributie a medicamentelor
(GDP) si de farmacie (GPP).

Buna practica de distributie angro (GDP). Regula-
mentul, Directivele si Orientarile la nivelul UE. Buna
practica de farmacie (GPP). Aspecte evolutionale.
Standarde ale Federatiei Internationale Farmace-
utice. Rolul farmacistului. Serviciile farmaceutice.
Controlul calitatii proceselor si rezultatelor activitatii
farmaciei.

Buna practicd de farmacovigilentd. Regulamen-
te si Directive UE ce reglementeaza farmacovigilen-
ta. Ghidurile ICH E2A - E2F. Planificarea farmacovi-
gilentei, managementul datelor clinice, transmiterea
electronica, raport de evaluare beneficiu - risc. Im-
portanta farmacovigilentei pentru securitatea far-
maceutica.

Inspectia farmaceuticd. Auditul. Conventia pen-
tru Inspectia Farmaceutica (PIC/S). Diferenta dintre
PIC si PIC/S. Conditii de aderare la PIC/S. Auditul.
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Clasificarea neconformitatilor corespunderii regu-
lilor GMP. Ghidul PIC/S privind prepararea medica-
mentelor in institutiile medico - sanitare.

Organizatii farmaceutice profesionale de nivel

international. Federatia Internationald Farmaceuti-
ca (FIP). Consiliile si Fundatia FIP. Federatia interna-
tionala a producatorilor si asociatiilor farmaceutice
(IFPMA). Federatia Europeana a Asociatiilor si Indus-
triilor Farmaceutice (EFPIA). Foruri. Activitati. Cola-
borari.

Acest continut al disciplinei a conditionat formu-
larea misiunii si scopului ei:
= misiunea este asigurarea obtinerii de cunostinte,

care sa-i permita viitorului specialist - farmacist

posibilitatea de a fi incadrat in orice tip de acti-
vitate farmaceutica ce prevede interpretarea si
aplicarea normelor juridice internationale din do-
meniul farmaciei;

= scopul - instruirea aprofundata si obtinerea de-

prinderilor practice de interpretare si aplicare a

normelor juridice cuprinse in legislatia farmace-

utica internationala.

In vederea realiz&rii scopului trasat, au fost argu-
mentate urmatoarele obiective de formare profesio-
nala pentru viitorii farmacisti:

v’ la nivel de cunostinte siintelegere:

- notiunea de drept international;

- legislatia farmaceuticad internationald (LFI):

directii de reglementare;

- autoritati internationale de reglementare in
domeniul farmaceutic;

- izvoare ale LFI.

v’ la nivel de aplicare:

- interpretarea normelor juridice din domeniul
LFI;

- aplicarea/respectarea prevederilor legislatiei
farmaceutice internationale;

- analiza corespunderii legislatiei farmaceuti-
ce nationale cu LFI.

v’ la nivel de integrare:

- a putea argumenta necesitatea armonizarii
normelor nationale la normele LFI;

- a organiza activitatea oricarei intreprinderi
farmaceutice cu respectarea prevederilor
LFI.

Pentru insusirea reusitd a LFIl, studentul trebuie

sa posede urmatoarele cunostinte si deprinderi:

- cunoasterea si intelegerea notiunilor gene-
rale de drept, legislatie, norma juridica, act
normativ, legislatie conexa activitatii farma-
ceutice;

- respectarea si aplicarea normelor juridice din

domeniul medicamentului si activitatii far-
maceutice;

- integrarea cunostintelor din domeniul activi-
tatii farmaceutice cu normele juridice ce asi-
gura legalitatea functionarii intreprinderilor
farmaceutice.

Tindnd cont de misiunea, scopul si continutul
disciplineiin cauza, au fost argumentate urmatoare-
le competente profesionale preconizate ca rezultat
al instruirii viitorilor specialisti - farmacisti.

1. Specifice:
= Tnsusirea notiunilor de baza si a principii-
lor fundamentale ale dreptului international.
Scopul si actualitatea problemelor de regle-
mentare a domeniului farmaceutic la nivel in-
ternational;
= Tnsusirea domeniilor farmaceutice reglemen-
tate la nivelinternational si european. Cunoas-
terea izvoarelor de drept ce reglementeaza
domeniile farmaceutice la nivel international
si european;
= obtinerea cunostintelor si a deprinderilor
practice privind interpretarea si asigurarea
respectarii normelor internationale/europe-
ne in domeniile: cercetarilor de elaborare a
medicamentelor; fabricatiei medicamentelor;
calitatii, eficientei si inofensivitatii medica-
mentelor; autorizarii de punere pe piatd a me-
dicamentelor; distributiei angrosiste si detai-
liste a medicamentelor; farmacovigilentei;
= Tnsusirea principiilor si particularitatilor n-
cheierii diverselor tipuri de contracte cu in-
treprinderi straine si organisme internationale
necesare in activitatea intreprinderilor farma-
ceutice;
= Tnsusirea modului de atac in instante a incal-
carii drepturilor, a infractiunilor farmaceutice,
a inspectiei farmaceutice si auditului in relatii-
le contractuale cu intreprinderi straine si or-
ganisme internationale;
= cunoasterea organizatiilor farmaceutice pro-
fesionale de nivel international/european,
scopului lor, roluluiin procesul de reglementa-
re, si a forurilor respective.
2. Transversale

= capacitatea de analiza si evidentiere a norme-
lor farmaceutice nationale, care nu corespund
LFI;

= posibilitatea implicarii in procesul de armoni-
zare a legislatiei farmaceutice nationale cu LFI
si europeana;

= posibilitatea implicarii in activitatea organi-
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zatiilor profesionale ale farmacistilor de nivel
international si european.

CONCLUZII

1. S-a argumentat si elaborat conceptul si conti-

nutul disciplinei facultative “Legislatia farma-
ceutica internationald”, misiunea carei este de
a-i oferi viitorului specialist - farmacist posi-
bilitatea sa fie incadrat in orice tip de activi-
tate farmaceutica ce prevede interpretarea si
aplicarea normelor juridice internationale din
domeniul medicamentului si activitatii farma-
ceutice.

2. Lafinele studierii LFl absoventul va cunoaste si

va fi capabil: sa interpreteze normele cuprinse
in LFI; s& asigurare organizarea activitatii ori-
carei intreprinderi farmaceutice in conformi-
tate cu prevederile LFI; s posede cunostinte
ce asigura posibilitatea implicarii in procesul
de armonizare a legislatiei farmaceutice nati-
onale cu cerintele internationale.
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Rezumat. S-au cercetat si elaborat metode de analiza cantitativa a Fe (lll) in doua siropuri, care contin una
si aceeasi substanta activa - compusul complex macromolecular a Fe(OH), cu polimaltoza. Solutiile s-au
analizat, dupa descompunerea acestui compus complex in mediul H,SO, prin metoda de titrare ampero-
metrica cu doi electrozi indicatori de Pt in urma prelucrarii solutiei de analizat a Fe (lIl) cu exces de solutie
de Kl si titrarea ulterioara cu sau fara adaugarea solutiei tampon acetat a ionilor cu solutie de Na,S,0,
Dozarea s-a efectuat in mod automat cu titratorul «TITRION», folosind doua regimuri de titrare in urma
carora s-a determinat volumul de echivalenta al titrantului. S-a stabilit ca solutia tampon acetat inhiba
reactia de oxidare a Fe (Ill) cu un exces de solutie a iodurii de potasiu. Aceasta s-a folosit la studierea influ-
entei timpului asupra reactiei de oxidare in solutiile de analizat a siropului Ferrum Lek si Ferimax. Solutiile
de analizat a siropului Ferrum Lek s-au analizat prin metoda cu adaugarea solutiei tampon acetat cu titra-
torul, folosind regimul de inregistrare a curbei de titrare si masa Fe (lll) a constituit 49,57+0,34 mg/ 5 ml,
iar in regimul de titrare pin la intensitatea curentului de 0,1 yA - 49,92+0,92 mg/ 5 ml de sirop. In regimul
de titrare automata cu inregistrarea curbei de titrare si de titrare pina la intensitatea curentului de 0,1 A,
in care reactia de oxidare nu s-a inhibat cu solutie tampon acetat, masa Fe (Ill) in solutiile de analizat a
siropului Ferimax a alcatuit 49,71+0,42 mg/ 5 ml si 49,71£0,36 mg/ 5 ml respectiv de sirop. Ultimul regim de
titrare pina la intensitatea curentului 0,1 pA s-a folosit la inhibarea reactiei de oxidare cu solutie tampon
acetat, dar mai intai solutiile luate pentru analiza a acestui sirop s-au prelucrat cu picaturi de solutie de
KMnO4. Masa Fe (ll) calculata dupa rezultatele analizei acestui procedeu a constituit 50,09+0,45 mg/ 5 ml
de sirop Ferimax. Cuvinte cheie: deficienta de fier, anemie feripriva, metoda de titrare amperometrica
automata cu doi electrozi indicatori, titrator, regim de titrare, procedeu de titrare, inhibarea reactiei de
oxidare, solutie tampon.

Summary. Methods of quantitative analysis of Fe () in two syrups containing one and the same active
substance - the macromolecular complex compound of Fe(OH)3 with polymaltose, have been researched
and developed. The solutions were analyzed after the decomposition of this complex compound in the
H2S04 medium by the amperometric titration method with two Pt indicator electrodes after the treatment
of the Fe (lll) analyte solution with excess of Kl solution and subsequent titration of ions with Na2S203
solution, with or without the addition of acetate buffer solution. Assay was performed automatically with
the titrator «TITRION», using two titration regimes following which the volume of equivalence of the titrant
was determined. It was determined that the acetate buffer inhibited the oxidation reaction of Fe (IIl) with
an excess of potassium iodide solution. This was used to study the influence of time on the oxidation reac-
tion in the analysis solutions of Ferrum Lek and Ferimax syrup. Ferrum Lek syrup analysis solutions were
analyzed with the titrator by the method of adding acetate buffer, using the titration curve recording regi-
me and the mass of Fe (lll) was 49,57+0,34 mg/ 5 ml and in the titration regime up to the current intensity
of 0,1 pA - 49,92+0,92 mg/ 5 ml of syrup. In the automatic titration regime with the recording of the titra-
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tion curve and titration up to the current of 0,1 YA, in
which the oxidation reaction was not inhibited with
acetate buffer, the mass Fe (Ill) in the solutions to be
analyzed of Ferimax syrup was 49,71£0,42 mg/ 5 ml
and 49,71£0,36 mg/ 5 ml of syrup, respectively. The
last titration regime up to 0,1 A current was used
to inhibit the oxidation reaction with acetate buffer,
but first the solutions taken for the analysis of this
syrup were processed with drops of KMn04 solution.
The mass of Fe (1) calculated from the results of the
analysis of this procedure was 50,09+0,45 mg/ 5 ml
of Ferimax syrup.

Key words: iron deficiency, iron-deficiency anemia,
automatic amperometric titration method with two
indicator electrodes, titrator, titration regime, titra-
tion process, inhibition of oxidation reaction, buffer
solution.

INTRODUCTION

Iron is an important element of the human body,
essential for the proper functioning of many me-
tabolic processes, such as oxygen and electron
transport, deoxyribonucleic acid (DNA), steroid hor-
mones and bile acids synthesis, being an integral
part of tissue enzymes. Iron deficiency is one of the
most widespread forms of malnutrition in the world.
A lack of iron in the body lowers the level of hemo-
globin in the blood, causing iron deficiency anemia.
Although this deficiency is not the only cause of de-
veloping anemia, it is certainly the most important
[1].To counter this phenomenon, doctors recom-
mend among other medications, drugs containing
the iron (ll)-hydroxide polymaltose complex. The
purpose of the further presented research is to de-
velop a new method for the quantitative analysis of
iron (lI1) liquid dosage forms applying the automatic
amperometric titration method.

MATERIALS AND METHODS

To perform automatic amperometric assay with
two Pt indicator electrodes [2], incorporated in a
plastic tube, the ,TITRION" kit, further titrator, of the
company .EKONIS EKSPERT"” was used The external
appearance and the general characteristic of this ti-
trator were presented in [3].

Two working regimes of this titrator were used in
the study: 1 - titration up to the set point - auto-
matic titration up to the given point by the operator
of the end point of the current intensity (I, pA) with
the automatic measurement of the volume of the ti-
trant, consumed at the titration (volume of equiva-
lence) and 2 - titration curve recording - automatic
titration with the total recording of the titration cur-
ve, its display on the liquid analyzer screen and the
determination of the volume of equivalence of the
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titrant with the storage in the titrator's memory of
the last recorded titration curve.

Both working regimes of the titrator are divided
into two zones. In the first zone, which is at the be-
ginning of the titration and is beyond the volume of
equivalence, the titrator adds the titrant in larger
and equal portions over certain time intervals. In the
second zone, which is near the equivalence point,
the titrator adds the titrant in smaller and equal por-
tions also over certain time intervals [4]. The entire
automatic titration process is set and controlled by
the operator.

In this publication the electrodes were polarized
by 20 mV and the current intensity measurement
limit by the titrator was 50 pA for the titration of
obtained I, In both working regimes of the titrator, a
solution with a theoretical concentration of Na,S,0,
equal to 0,01 mol/l was used. This solution was auto-
matically added to the solution which was dosed at
the beginning of the titration (first zone) in portions
equal to 50 ul every 3 s and near equivalence point
4 ulevery4s.

The Pt indicator electrodes were introduced and
left until the next day in the solution with c(Na-
OH)=1,0 mol/I for iodine desorption [2].

In the study were used two syrups sold in phar-
macies of Republic of Moldova, Ferrum Lek (manu-
facturer Sandoz llac Sanayi ve Ticaret A.S., Turkey)
and Ferimax (manufacturer Bilim llac Sanayi Ve Ti-
caret A.S., Turkey). Both syrups contain as an active
substance the macromolecular complex compound
of iron (1) hydroxide with polymaltose, in an amount
of 50 mg/ 5 ml of elemental iron.

Laboratory glassware and instruments: volume-
tric flasks of different capacities, graduated cylin-
ders, beakers with the capacity of 25 and 50 ml, two
automatic pipettes from brand DACpette with the
capacity of 100 - 1000 pl and 1000 - 5000 pl. The
masses of the studied syrups, as well as the mass
of the KIO, sample, sed for the preparation of the
analytical and standard solutions, were weighed
into flasks with a capacity of 50 ml or glass vials,
using the RADWAG AS 110.RI balance.

Preparation of solutions

All the solutions, which were used in the study,
were prepared from reagents, with the qualificati-
on ,chemical pure”. They were prepared using dou-
ble-distilled water. To remove volatile reducers from
distilled H,0 at the second distillation, several KMnO,
crystals were added thereto.

The primary standard solution of KIO,, with
c(1/6 KI0,)=0,01 mol/I was thus prepared. The cal-
culated KIO, sample with a mass of 0,35667 g was
weighed and dissolved in double-distilled H,0 in a
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11 volumetric flask, brought to volume with H,0 and
homogenized. The solution with w(KI)=10 % was pre-
pared from Kland the 0,5 % starch solution with mass
was prepared from starch according to the require-
ments described in [5]. The solution with the molar
concentration of the equivalent equal to 2,0 mol/I
was prepared from fixanals (c(1/2 H,S0,)=0,1 mol/
dm?3). The solution with ¢(1/2 H,S0,)=0.2 mol/l was
prepared by dilution.

Additionally, KMn04 and acetate buffer auxiliary
solutions were used in the study. The first soluti-
on was prepared from the calculated and weighed
sample of KMnO, for the preparation of 100 ml of
solution with ¢(1/5 KMn0,)=0,02 mol/I without stan-
dardizing it. The second solution was prepared from
sodium acetate and concentrated acetic acid. The
mass of CH,COONa-3H,0 (5,44 g) was calculated
and weighed to obtain a solution with a volume of
200 ml and c(CH,COONa)=0,2 mol/I. The mass of this
sample was dissolved in H,0, 59 ml of concentrated
CH,COOH acid solution was added to the solution
obtained and the solution was diluted with H,0 to a
volume of 200 ml, obtaining a solution with pH=3,0.

The pH of some of the solutions to be analyzed
and of those in which the acetate buffer was used,
was measured and controlled using an [160M iono-
meter, connected to a glass indicator electrode and
a silver-silver chloride reference electrode.

For the quantitative determination of Fe (lll) in
the solutions to be analyzed in the studied liquid
pharmaceutical forms, the iodometric method
of oxidant dosing (substituent titration method)
was used. In this method as a titrant the solution
of Na,S,0, is used as a secondary standard soluti-
on [6, 7, 8]. This solution was prepared from fixanal
(c(Na,S,0,)=0,1 mol/1), using double-distilled H,0 to
which was added Na,CO, with a mass of 0,1g per1|
of solution to stabilize it [6, 7]. Solutions with con-
centrations of the order of 0,01 mol/I were prepared
based on the solution with c¢(Na,S,0,)=0.1 mol/I by
its dilution. A solution containing the same mass of
Na,CO, in one liter of solution was also used for di-
lution. The standardization of these solutions was
carried out in this way.

To different volumes of standard KIO, with
c(1/6 KI0.)=0,01 mol/l was added 5 ml soluti-
on of KIO, with (KI)=10 %, 2 ml of solution with
c(1/2 H,S0,)=0.2 mol/I. he mixture was allowed to
stand for 5 minutes in the dark. The solution was tre-
ated by removing an equivalent amount of |, which
was then titrated with dilute Na,S,0, solution in the
presence of starch as an indicator, added towards
the end of the titration, until the blue color disa-
ppeared. A microburette with a capacity of 2 ml was

used for dosing, and the titrant concentration was
calculated based on the law of equivalents.

Preparation of solutions for the analysis of liquid
pharmaceutical forms

The solutions for the analysis of the studied
liquid pharmaceutical forms were prepared un-
der equal conditions of volume of syrup, taken for
analysis, equal or different volume of solution with
c(1/2 H,S0,)=2,0 mol/l and decomposition tempera-
ture of iron (lll)-hydroxide polymaltose complex. For
this, with the help of an analytical balance, a volu-
metric flask with a capacity of 50 ml was weighed.
With the help of an automatic pipette, 0.7 ml of syrup
was added to it, respectively the balloon was closed
with the ground stopper and weighed again. The
mass of the syrup taken for analysis was determined
by the difference, and then its density.

Subsequently, different volumes of solution with
c(1/2 H,S0,)=2,0 mol/I were added to the flask and
the flask was introduced into the water bath at a
certain temperature and over certain intervals the
red-brown color of iron (Il)-hydroxide polymaltose
complex disappeared, obtaining a color of the ye-
llowish solution, characteristic of Fe (IIl) sulphate in
the case of Ferrum Lek syrup and slightly yellowish
with a violet hue in the case of Ferimax syrup. After
that, the flask was immediately removed from the
bath with hot water, cooled to room temperature
under the tap, diluted to the level with distilled H,0
and homogenized.

RESULTS AND DISCUSSION

In previous publications [9-11], the quantitative
determination of Fe (lll) in various pharmaceutical
forms was studied, which contained as active sub-
stance the macromolecular complex compound of
Fe(OH), with polymaltose, spectrophotometric me-
thod in basic medium. The sample for analysis of the
pharmaceutical form was decomposed in the pre-
sence of H,SO,and the flask with sample and sulfuric
acid solution were introduced into the bath with hot
water (100°C), after which Fe (llIl) was determined
quantitatively by spectrophotometric method. Thus
in [11] Fe (lll) was quantitatively determined with sul-
fosalicylic acid by the spectrophotometric and iodo-
metric method in the acidic and basic medium for
Ferimax syrup and in the basic medium for Ferrum
Lek syrup.

The results obtained for Ferimax syrup showed
that in the acid medium the mass of Fe (ll1) in 5 ml of
syrup was lower than that declared by the manufac-
turer, while in the basic medium the results obtained
were satisfactory [11]. According to the data in the li-
terature, confirmed by our research, in the basic me-
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dium by spectrophotometric method with sulfosa-
licylic acid can be determined quantitatively Fe (Il),
Fe (lll) or the sum of Fe (1) and Fe (lll) in the same
sample solution to be analyzed [12-14]. For the acidic
medium the question remained open for this syrup.
This prompted us to further study the quantitative
determination of Fe (lll) by automatic amperometric
titration method with two Pt indicator electrodes
with the titrator in Ferrum Lek and Ferimax syrups,
which contain one and the same active substance -
iron (lll)-hydroxide polymaltose complex

Upon decomposition of the active substance
in the presence of the H,SO, solution from these
syrups, Fe (lll), sulphate is formed in the final solu-
tion, which slightly oxidizes the excess of potassium

8. 888Mn
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iodide, forming molecular iodine [10]. lodine is hardly
soluble in water, but in the presence of excess I ions
in the solution, the complex ion I, [6, 7] is formed
and the reversible oxide-reduction system I, 7/3I"
appears. When two Pt electrodes polarized with only
10-20 mV are introduced into this solution, current
appears [15], the intensity of which depends on the
I,/3I", ratio, because at the titration the following re-
action takes place [7]:
+2é=,=054V

For the case when the titrator records the titrati-
on curve, the operator at the end of the titration re-
ceives information about the general appearance of
the curve and determines the volume of equivalence
of the titrant [4] (Figure 1).

Figure 1. General appearance of a titration curve of a Ferrum Lek syrup test solution (a), determinati-
on of the volume of equivalence of Na2S203 near the equivalence point (b and c) and at the

equivalence point (d).

The titration regime with the titrator up to the set
point is used in case of knowing the current inten-
sity at the equivalence point. As we can see from Fi-
gure 1the equivalence volume of Na,S,0, was deter-
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mined at the current intensity of 0,1 yA. This value of
current intensity was used in the titration regime up
to the set point with the titrator [4] (Figure 2)
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Figure 2. Data obtained at assay of a solution to be analyzed of Ferimax syrup by automatic am-
perometric method with two Pt indicator electrodes polarized up to 0,1 pA current in-
tensity with Na,S 0, standardized solution without the addition of acetate buffer: a)
at the beginning of titration; b) in the zone farthest from the equivalence point; c) in
the zone near the equivalence point; d) the titrant volume at the equivalence point.
(V,=50.0 ml; V,=2,50 ml; m=0,8681g; p=1,2404 g/ml; F=1,073)

In the preventive experiments it was established
that the acetate buffer solution with pH 3.0 inhibits
the oxidation reaction of Kl by Fe (lll) from the solu-
tions to be analyzed but does not influence the vo-
lume of equivalence of Na,S,0, It was used to inhibit
the Kl oxidation process after a certain time inter-
val, the influence of time on the Kl oxidation process
with Fe (1) from the syrup solutions to be analyzed
and to decrease the possible slow reactions. For
example, the oxidation in acid medium of and with
oxygen [7, 16]. For this, to different volumes of solu-
tions for analysis of Fe (lll) and H,0, but a constant
volume equal to 5,0 ml of Kl solution, over a certain
period of time, 5,0 ml of acetate buffer was added,
so that the final volume was equal 20,0 ml and the
solution obtained was automatically titrated with
the titrator using Na,S,0, solution as titrant.

In both titration regimes, the titrator gave the
possibility to obtain the value of the equivalent vo-
lume of titrant, which was used to calculate the un-
known mass of Fe (lll) (m ) in both syrups, according
to the formula:

in which:

F- correction coefficient of the titrant compared
to the theoretical concentration of 0,01 mol/I of
Na,S,0, solution;

- the titrant’s volume of equivalence, ml;

0,5585 - Fe content in mg equivalent to 1 ml of so-
lution with a theoretical Na,S,0, concentration of
0,01 mol/l;

- the capacity of the volumetric flask with Fe (Il) so-
lution to be analyzed, obtained after the decom-
position of Fe(OH), polymaltose complex in the
sample taken for the analysis of corresponding
syrup, ml;

- the fraction of Fe (llI) solution taken for the auto-
matic titration with the titrator of the respective
syrup, ml;

m - the mass of the syrup taken to decompose the
Fe(OH), polymaltose complex, g:

p - the density of the syrup, g/ml.

As a result of many additional experiments with
solutions to be analyzed of Ferimax syrup, the in-
fluence of some factors on the results of the analy-
sis according to formula (1) was established These
factors are the decomposition temperature of the
sample, the acidity of the solution at the decompo-
sition of the sample, the presence in the analyte so-
lution of the reducing agents, the pH of the solution.
The influence of these factors on Fe (lll) analysis in
Ferrum Lek syrup solution was not observed.

In order to elucidate the influence of some fac-
tors exposed above, two solutions for the analysis
of these two syrups were prepared. In two flasks of
the same capacity, 0,7 ml of each syrup was added
with an automatic pipette. In the volumetric flask
containing Ferrum Lek syrup was added 2,0 ml of
solution with ¢(1/2 H,S0,)=2 mol/I, and in the flask
with Ferimax syrup - 3,0 ml of the same acid with
the same concentration. Then the volumetric flas-
ks were introduced one by one into water bath and
the Fe(OH), polymaltose complex decomposed at a
temperature of ~ 75 - 80°C and the solutions to be
analyzed were obtained according to the indications
already described.

These solutions were used to study the oxidati-
on reaction of Fe (lll) with ions, taken in excess de-
pending on the time of the oxidation reaction, as a
result of which the final product is complex ions.
In these experiments, 3,00 ml of solution for the
analysis of each syrup was taken, 5,0 ml of Kl solu-
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tion and 7,0 ml of H,0 were added. Over a period of Na,S,0, solution. The obtained results were used to

time from the start of the reaction, 5,0 ml of acetate calculate the amount of substance of Na,S,0, whi-
buffer solution with pH=3,0 was added to the reac- ch was consumed when dosing the solutions after
tion mixture to inhibit the oxidation reaction, and inhibiting the reaction and building the dependence

ions were automatically dosed with the titrator and  n(Na_S,0,)=f(t) (Figure 3).

n(Na,S,03) -102, mmol

A o
o— —— o © 2
0,61
0,4+
0,2
2 4 6 8 10 t, min

Figure 3. Dependence n(Na,S,0,)=f(t) on the oxidation reactions of Fe (lll) in the solutions for
analysis of Ferrum Lek syrup (1) and Ferimax (2) syrup with Kl solution, taken in excess.
1-c(Na,S,0,)=0,0106 mol/Il; 2 - c(Na_S_.0.)=0,01106 mol/l;

27273 27273

These results were also used to calculate the unknown mass of Fe (l11) (m,) in the solutions to be analyzed
for these syrups according to formula (1) depending on the time of the oxidation reaction (Table 1).

Table 1. Results of the automatic titration dosage of complexions with Na,$S,0, solutionasa
function of the time of the oxidation reaction of Fe (11l) with an excess of ions in the solutions to
be analyzed of these two syrups

n 2) Ferrum Lek

V(Nazszo3) m,, V(Na_s,0.). m,

mg/ 5 ml ml mg/ 5 ml
1 = = 0,609 44,78
2 1.0 0.684 48,28 0.619 45,52
5 2,0 0,700 49,34 0,631 46,40
4 3,0 0,709 49,97 0,632 46,47
5 4,0 0,710 50,04 0,640 47,06

14
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6 5,0 0.1
7 6.0 0.713
8 8.0 =

9 9.0 0,722
10 10,0 =

50,11 0,637 46,84
50,25 = =

= 0,647 47,58
51,10 = =

= 0,656 48,24

a) (V,=50 ml; V.=3,00 ml; m=0,84655 g; p=1,2094 g/ml; F(Na,S,0,)=1,06)

273

b) (V,=50 ml; V,=3,00 ml; m=0,8591 g; p=1,2273 g/ml; F(Na,S,0,)=1,106)

Figure 3 shows that the components of the oxi-
dation reaction of Fe (Ill) n the solution of each syrup,
taken for analysis, and the ions, taken in excess, re-
act quite quickly. The amount of Na_S,0, substance
consumed in the titration within 3-5 minutes re-
aches a maximum value and further increases mo-
notonically as the oxidation reaction time increases.

The same result was obtained when calculating
the unknown mass of Fe (lll) (m ) in the solutions
taken for the analysis of these syrups (Table 1). The
monotonous increase in the amount of substance
of Na,S,0, consumed by titration and the unknown
mass of Fe (Ill) (m ) depending on the time of the oxi-
dation reaction can be explained by the slow oxida-
tion of the and ions with dissolved oxygen [7, 16].

Based on the results obtained in Figure 3 and Ta-
ble 1 for Ferrum Lek syrup, the oxidation and titrati-
on process of the analyte solutions of this syrup was

further used with addition of acetate buffer solution
to inhibit the oxidation reaction. After this process,
described above, to the reaction mixture at more
than 5.0 minutes after the start of the oxidation re-
action was added 5,0 ml of acetate buffer solution
with pH=3,0 and the ions were automatically dosed
with titrator and standardized Na,_S,0, solution.

The results obtained in the dosing of the soluti-
ons for the analysis of this syrup, with standardized
solution of Na_S,0, and the titrator, using the two ti-
tration regimes are presented in Table 2 and 3.

The data in Tables 2 and 3 have been statistically
processed and are shown in Table 4. The average
mass of Fe (Ill) in Ferrum Lek syrup was 49,92+0,34
(for the automatic titration regime with the recor-
ding of titration curve) and 49,92+0,29 (for the auto-
matic titration regime up to the point of 0,1 uA), with
a 95% confidence interval.

Table 2. Data for the calculation of the unknown mass of Fe (lll) in the solution for analysis of Ferrum
Lek syrup at automatic dosing with the titrator and Na,S,0, solution by amperometric method with
two Pt indicator electrodes with titration curve recording.

“ V.. ml, solution to be analyzed

1,00
1.50
2,00
2,50
3,00
3.50
4,00
4,50
5,00

NV 0 N 00 O A NN -

V(Na,s,0,), ml

m_, mg/ 5 ml

0,233 4815
0,354 49,38
0.476 49,80
0,593 49,63
0,705 4917
0,837 50,05
0,945 49,43
1,072 49,85
1197 50,09

(V,=50 mi; m=0,8418 g; p=1,2026 g/ml; F=1,049)

Table 3. Results of the quantitative analysis of Fe (lll) Fe (ll1) in the solution for analysis of Ferrum Lek
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syrup at automatic dosing with the titrator and Na,S,0, solution by amperometric method with two
Pt indicator electrodes up to the 0,1 pA current intensity.

1,00
1.50
2,00
2,50
3,00
3.50
4,00
4,50
5.00

VO 0 N O 1 A NN

0,230 49,73
0,343 49,44
0.456 49,30
0,578 4999
0,696 50,16
0.812 50,16
0,924 49,95
1,043 50,12
1167 50,47

(V,=50,0 ml; m=0,8371g; p=1,1959 g/ml; F=1,084)

Table 4. Primary statistical processing of experimental data obtained at automatic amperometric
dosing with two Pt indicator electrodes of Fe (lll) with titrator in Ferrum Lek syrup analysis solutions.

Measure

Average

Range R=

Relative percent range R,%=
Median deviation

Relative mean deviation

Standard deviation

N 00 O A NN -

Relative standard deviation

Additional experiments showed that in Ferimax
syrup analysis solutions with higher acidity than in
Ferrum Lek syrup, Fe (Ill) ions can be determined qu-
antitatively with Na,S,0, solution by iodometric me-
thod both, with and without the addition of acetate
buffer solution to inhibit the oxidation reaction.

This was confirmed in the experiments performed
after the following procedure. To different volumes of
Ferimax syrup analysis solution 5,0 ml of Kl solution
with w(K)=10 % was added and the mixture was left
to stand for 5 minutes, after which different volumes
of H,0 was added so the final volume was equal to
20 ml and the obtained iodine was automatically ti-
trated with solution and titrator, using the two titrati-
on regimes. The data obtained by titration and calcu-
lation of the unknown mass of Fe (lll) (m ) according
to formula (1) are presented in Table 5 and 6.
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Value, unit of measurement

with titration curve re-

up to the 0.1 A current inten-

cording sity
49,57 4992

1,34 117
2,70 2,34
0.346 0.291
0.698 0,583
0.435 0,373
0.878 0.747

Comparing the results in Tables 5 and 6 with tho-
se in Table 1, where the titration procedure was used
with the addition of acetate buffer solution, we con-
cluded that obtaining lower results of the unknown
mass of Fe (Ill) (m ) in the Table 1 was conditioned by
the change in the pH of the solution. Upon inhibition
of the oxidation reaction with acetate buffer solu-
tion, the pH in the experiments in Table 1 changed
from 1.97 to 3.0. Under these conditions, the product
of the oxidation reaction could react with some in-
gredients in the solution to be analyzed in this syrup,
because the acetate buffer does not interfere with
the titration reaction with Na,S,0, solution. These
ingredients in the Ferimax syrup analysis solution
are methylparaben and propylparaben, which have
been used as preservatives [17, 18] and can react
with oxidants.
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Table 5. The results of the quantitative analysis of Fe (lll) in the solution to be analyzed of Ferimax
syrup by automatic amperometric titration method with two Pt indicator electrodes with automatic
recording of the titration curve, without the addition of acetate buffer.

1,00
1,50
1,70
2,00
2,50
3,00
3.50
3,70
4,00

VO 0O N O O A NN -

0,231 50,96
0,337 49,75
0,381 49,44
0.453 4997
0.564 4914
0,674 49,56
0,788 49,67
0.834 49,73
0.891 4914

(V,=50,0 ml; m=0,8624 g; p=1,232 g/mi; F=1,106)

Table 6. Quantitative analysis of Fe (lll) in the solution to be analyzed of Ferimax syrup by automa-
tic amperometric titration method with two Pt indicator electrodes up to 0,1 yA current intensity,
without the addition of acetate buffer.

I R B L

1,00
1,50
2,00
2,20
2,50
3,00
3.50
4,00
4,50

VO 0 N O O A NN -

To confirm this statement, the procedure of pre-
ventive addition, to the solution to be analyzed of
Ferimax syrup, of KMnO, solution added dropwise as
in [8]. In this case, the purple color of the KMnO, so-
lution quickly disappeared and this solution was not
added, when the purple color was stable for ~ 5 se-
conds. This solution was further analyzed after the
analysis procedure with inhibition of the oxidation
reaction of Fe (lll) with excess of ions with acetate
buffer solution and automatic dosing with titrator of

0,232 501
0.347 49,97
0,464 501
0,503 49,39
0,578 49,94
0,685 49,32
0,808 49,87
0,915 49.41
1.026 49,25

(V,=50,0 ml; m=0,8681g; p=1,2401g/ml; F=1,083)

ions with standardized Na,S,0, solution as descri-
bed above. The results obtained are shown in Table
7, and the calculation of the unknown mass of Fe (l1I)
(m ) was performed according to formula (1).

The data for the calculation of the unknown mass
of Fe (Il) (m,) in the solutions to be analyzed of Fe-
rimax syrup in Tables 5, 6 and 7 have been statisti-
cally processed [19] and are shown in Table 8. For the
automatic titration regime with the titrator and the

recording of the curve the average mass of Fe (lll)
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was (49,71+0,42) mg/5 ml of syrup. The same avera-
ge mass of Fe (lll) of (49,71+0,28) mg/5 ml of syrup
was obtained by automatic titration with the titra-
tor and Na,S,0, solution, when the titration regime
was used up to the current intensity of 0,1 yA. This

REVISTA FARMACEUTICA A MOLDOVEI

tion and their automatic titration with Na_S,0, so-
lution after the addition of acetate buffer solution
to inhibit the oxidation reaction. In the latter case,
the mean mass of Fe (lll) was (50,09+0,45) mg/5 ml

of syrup. In all three cases (Table 8) the confidence

titration regime was also used after preventive tre-
atment of solutions to be analyzed of Ferimax syrup,
taken for analysis, with a few drops of KMnO, solu-

interval was 95%.

Table 7. Data obtained after the preventive treat-
ment of the solutions to be analyzed of Ferimax

syrup with KMnO, solution and their subsequent analysis by automatic amperometric titration me-
thod with two Pt indicator electrodes up to the current intensity of 0,1 pA.

1 1.50 0,358 51,03
2 2,00 0.472 50,46
3 2,50 0,584 4995
4 2,75 0.649 50,46
5 3,00 0,697 49,68
6 3,20 0,756 50,52
7 3.50 0.806 49,24
8 4,00 0,937 50,09
9 4,50 1,039 49,37

(V,=50,0 ml; m=0,847 g; p=1,210 g/ml; F=1,072)

Table 8. Primary statistical processing of experimental data obtained by automatic iodometric dosa-
ge of Fe (lll) with Na_S,0, solution and titrator, in the solutions to be analyzed of Ferimax syrup

Value, unit of measurement
1 2 3

Average

Range R=

Relative percent range R,%=
Median deviation

Relative mean deviation

Standard deviation

N 00 O A NN

Relative standard deviation

49,71 49,71 50,09
1.82 0.86 1.79
3,661 1,730 3,574
0,352 0,324 0.467
0,708 0,652 0,932
0,545 0,357 0,589
1,096 0,718 1176

1 - titration with titration curve recording; 2 - titration up to the current intensity of 0,1 yA; 3 - preventive
treatment of the solutions to be analyzed with KMn0O4 solution and titration up to 0,1 A current intensity,
in the presence of acetate buffer solution.

CONCLUSIONS

A new method for quantitative determination
of Fe (lll) by automatic amperometric titration me-
thod with two Pt indicator electrodes in Ferrum Lek
and Ferimax syrups was elaborated. For analysis
of Ferimax syrup the influence of some factors on
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the results of the analysis was established, such as
the decomposition temperature of the sample, the
acidity of the solution at the decomposition of the
sample, the presence in the analyte solution of the
reducing agents and the pH of the solution. As a re-
sult of experiments is was shown that change in the
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pH of the solution lead to the inhibition of the oxida-
tion reaction with acetate buffer solution of methyl-
paraben and propylparaben, which have been used
as preservatives. The influence of these factors on
Fe (1) analysis in Ferrum Lek syrup solution was not
observed. The elaborated method can be recom-
mended for the determination of iron in liquid phar-
maceutical forms.
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Rezumat. in ultimile decenii, un interes deosebit pentru cercetatori, il prezints nanoparticulele magnetice
de oxid de fier (NPM FeQ) deoarece sunt una dintre cele mai promitatoare particule in aplicatii clinice de
diagnostic si terapeutic. NPM FeO pot fi acoperite cu diferite materiale organice si anorganice iar super-
paramagnetismul prezentat de acestea permite directionarea catre site-ul activ prin ghidaj din exterior.
Prezinta interes metodele de sinteza a NPM FeO care permit obtinerea de nanoparticule cu proprietati
scontate. In acest articol sunt descrise diferite metode de sintez& a NPM FeO cum ar fi: chimice, fizice,
biologice si functionalizarea nanoparticulelor.

Cuvinte cheie: nanoparticule magnetice, metode de sinteza, chimice, fizice, biologice, functionalizare.
Summary. In recent decades, a special interest for researchers is presented by magnetic iron oxide nano-
particles (MFeONP) because they are one of the most promising particles in clinical diagnostic and thera-
peutic applications. MFeONP can be covered with various organic and inorganic materials and the super-
paramagnetism presented by them allows targeting to the active site by external guidance. Of interest are
the MFeONP synthesis methods that allow obtaining nanoparticles with expected properties. This article
describes different methods of MFeONP synthesis such as: chemical, physical, biological and nanoparticle

functionalization.

Keywords: magnetic nanoparticles, synthesis methods, chemical, physical, biological, functionalization.

INTRODUCERE

Substantele la scard nanometrica, cunoscute in
mod obisnuit ca ,nanomateriale”, ntotdeauna au
atras atentia cercetatorilor. Printre aceste diferi-
te tipuri de nanomaterialele, pe parcursul ultimelor
doua decenii, un interes deosebit a fost acordat na-
nomaterialelor magnetice (NPM), fapt dovedit de o
crestere considerabild a numarului de lucrari stiin-
tifice consacrate acestor materiale. Nanoparticule-
le magnetice de oxid de fier (NPM FeQ) au ocupat o
pozitie centrala in studiile imagistice; ca vehicule de
medicamente pentru transportul la tinta; diagnostic
de cancer, ateroscleroza etc. De fapt, acestia sunt
agenti excelenti ,teranostici”, unii fiind in curs de
studii clinice.

Oamenii de stiintd au demonstrat un interes de-
osebit pentru proprietatile materialelor magnetice
la scara nanometrica [33, 38]. NPM FeO sunt destul
de diferite de celelalte nanomaterialele cu dimensi-
uni in intervalul de la un micrometru péna la cativa
nanometri si sunt una dintre cele mai promitatoare
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sisteme in aplicatii clinice de diagnostic si terapeu-
tic (teranostic). NPM FeO pot fi acoperite cu diferite
materiale organice si anorganice iar superparamag-
netismul prezentat de acestea permite directionarea
catre site-ul activ (tintd) prin ghidaj din exterior [1].

Cele mai importante proprietati dintre NPM FeO
care pot fi exploatate pentru aplicatii medicale sunt
superparamagnetismul, efect magnetocaloric, par-
ticule mici si suprafata specifica mare care poate
fi usor functionalizata [43]. Proprietatile magnetice
sunt legate de miezul NPM FeO, de aceea efectul
superparamagnetismului depinde de dimensiunea
nanoparticulelor si este observat in general pentru
NPM FeO cu dimensiunea de pana la 100 nm. Aceste
particule sunt magnetizate atunci cand se aplica un
camp magnetic din exterior (CME) si isi pierd mag-
netizarea in absenta campului, prin urmare, impiedi-
cand gruparea NPM FeO [28, 39].

Efectul magnetocaloric este o proprietate impor-
tanta a unor NPM FeO care isi pot schimba tempera-
tura in functie de existenta CME. Aceasta caracte-
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risticd combinata cu o suprafata mare raportata la
volum permite schimbul eficient de caldura cu me-
diul, facand posibila cea mai recenta terapie impotri-
va cancerului, respectiv hipertermia [39, 49].

Campul magnetic le face foarte atractive pentru
aplicatii biomedicale. Controlul asupra metodelor de
sinteza si functionalizare a suprafetei NPM permite
de a imbunatati proprietatile fizico-chimice, stabi-
litatea si soarta lor biologica. Pentru aplicare in sco-
puri farmaceutice si biomedicale, NPM FeO ar trebui
sa aiba dimensiuni in intervalul 50-160 nm si valori
mari de magnetizare. Acoperirile de suprafata au ca
scop sa asigure stabilitatea, biocompatibilitatea si
localizarea specifica la locul tinta [5, 32].

NPM FeO prezinta o instabilitate intrinseca la de-
pozitare pe anumnite perioade de timp, deoarece
aceste nanoparticule tind spre aglomerare, reduce-
re a energiei asociate cu raportul mare suprafata la
volum. NPM FeO necapsulate sunt foarte reactive si
predispuse la oxidare usoara in conditii ambientale
daunatoare comportamentului magnetului. O abor-
dare, sub acest aspect, este de a acoperi nanoparti-
culele magnetice cu straturi de agenti de stabiliza-
re organici sau anorganici care ofera stabilitatea si
functionalizarea ulterioara in functie de tinta aplica-
rii. Dupa functionalizarea suprafetei NPM FeO pot fi
utilizate ca catalizatori, biomarkeri etc. [24, 35].

Scopul lucrarii a constat in elucidarea aspectelor
specifice de sinteza si functionalizare a nanoparti-
culelor magnetice ca vehicule pentru diagnostic si
tratamentul vectorizat.

MATERIAL SI METODE

Pentru a identifica cele mai relevante cercetari
in acest context au fost procesate revistele de spe-
cialitate din bibliotecile electronice: Google Scholar,
Science Direct, Pubmed, Scopus, MedLine. Cuvin-
tele cheie folosite in filtrarea surselor bibliografice
s-au referit la: nanoparticule magnetice vehicule
pentru diagnostic si tratamentul vectorizat, metode
de sinteza si functionalizare.

REZULTATE SI1 DISCUTII

Clasificarea NPM. in functie de natura mate-
rialului de acoperire deosebim: NPM acoperite cu
nanosilice; lipide de tip vezicula; polimeri si NPM su-
perparamagnetice.

Nanoparticule magnetice acoperite cu silice.
NPM cu silice sunt nanomateriale magnetice inveli-
te in nanosilice (nSiO,). Aceste NPM sunt inerte chi-
mic, poseda proprietpti magnetice excelente, sunt
non-toxice si termostabile. 0 metodd comuna de
modificare a materialelor pe baza de siliciu pentru

a produce potentialul de functionalizare organica
este reactia cu compusi organosilani [20, 47]. NPM
sunt studiate si aplicate pe scara larga ca vehicule
pentru medicamente, eliberare controlata si pot fi
adminstrate prin inhalare, transdermic sau injectare
(figura 1). Suprafata NPM nSiO, poate fi modificata
cu gruparile -COOH, -NH, sau -OH pentru a o face
functionala si posibilitatea interactunii cu alte mole-
cule scontate de a fi transportate la locul de actiune

[15, 19. 41].
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Figura 1. llustrarea schematica a functionaliza-
riide suprafata a NPMnSiO2 cu peptide,
anticorpi, aptameri, enzime, fragmen-
te de ADN si alte grupe functionale [16].

Nanoparticule magnetice acoperite cu lipi-
de/Nanoparticule magnetice de tip veziculd.
Cand particulele magnetice sunt inconjurate de
straturi duble de fosfolipide, se formeaza o structura
coloidala, care este de obicei descrisa ca .lipozomi
magnetici”. Lipozomii magnetici au fost propusi si
utilizati pentru a descrie un complex de fosfolipide
de oxid de fier la scara nanometrica. Nanoparticulele
magnetice acoperite cu lipide sunt adesea preparate
folosind metode de microemulsie si emulsii multiple.
Practic, emulsiile sunt folosite ca microreactoare
pentru sinteza nanoparticulelor magnetice acoperi-
te cu lipide, cu corpurile de oxid de fier ca miezuri.
Un lipozom magnetic clasic este compus dintr-un
corp de oxid de fier cu un diametru de aproximativ 14
nm ca miez si un strat dublu fosfolipidic acoperit la
suprafata. Cavitatea interna a acestui tip de lipozom
este aproape complet ocupata de particule de oxid
de fier. Prin urmare, acest tip de lipozom magnetic
poate prezenta o concentratie mare de oxid de fier
in corp (raportul de masa dintre corpul de oxid de fier
si fosfolipide) pentru a asigura o citotoxicitate ridi-
cata (figura 2). [2, 3, 34].
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Figura 2. llustrarea schematica a unei structuri
de NPM multifunctionala de tip vezi-
cula cu diferite moduri de acoperiri,
liganzi tinta si agenti de imagistica.
https://www.researchgate.net/publica-
tion/336201166_Implication_of_Mag-
netic_Nanoparticles_in_Cancer_De-
tection_Screening_and_Treatment/
figures?lo=1

Nanoparticule magnetice acoperite cu poli-
mer. Intersectia domeniilor materialelor polimerice si
nanomaterialelor anorganice a produs nanocompozi-
te polimerice. NPM sunt predispuse la aglomerare din
cauza energiei de suprafata mari si a suprafetei spe-
cifice mari, ceea ce face dificila dispersarea uniforma
in polimeri, ceea ce limiteaza foarte mult cercetarea
si aplicarea acestora. Prin urmare, modificarea poli-
merului este o modalitate eficienta de a ameliorea
acest fenomen. In prezent, prepararea purtatorilor
de medicamente polimeri magnetici are doua me-
tode: modificarea legaturii covalente chimice si au-
to-asamblarea. Odatd cu aprofundarea cercetarii,
multi cercetatori au modificat grupuri active (grupe
amino, grupari sulfo etc.) pe suprafata purtatorilor
de NPM si au impachetat biomolecule cu proprietati
functionale sensibile la stimul pe purtator, care se ba-
zeaza pe NPM. Pe aceasta au fost construite o serie
de sisteme inteligente de nano-medicamente cu eli-
berare controlata, formand un sistem de transport de
medicament polimer magnetic receptiv [11, 50].

Nanoparticule de oxid de fier superparamag-
netice (SPION). Oxidul de fier este cea mai impor-
tanta parte a nanomaterialelor magnetice, incluzand
in principal Fe,0, si Fe,0,. Datorita rotatiei de mare
viteza a electronilor nepereche in afara nucleului
de fier, se genereaza un vector net de magnetizare,
astfel incat poate produce paramagnetism puter-
nic. Cand dimensiunea nanoparticulelor de oxid de
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fier este mai mica decat un anumit prag la valoarea
limita, va prezenta superparamagnetism. In acelasi
timp, forta coercitivad si magnetizarea de saturatie
vor fi reduse. Odatéa ce particula este sub actiunea
campului magnetic, poate fi magnetizata rapid, iar
magnetismul va disparea rapid dupa indepartarea
campului magnetic. SPION acoperit cu un invelis
biocompatibil, stabilizator este o nanoparticulad cu
Fe,0, si y-Fe, O, ca miez de cristal, cu un diametru
de 10-100 nm; poate produce magnetism puternic
intr-un camp magnetic relativ slab, iar magnetismul
sau va disparea odata cu retragerea CME. [9, 21, 46].

Metode de sinteza a NPM FeO. Ciile sintetice
de obtinere a NPM FeO sunt selectate cu scopul de a
controla forma, stabilitatea si tendintele de disper-
sie. Metodele de obtinere a NPM FeO pot fi clasificate
in: metode chimice (90%); metode fizice (8%); si me-
tode biologice (2%). Dintre cele mai utilizate metode
pot fi numite: metoda de co-precipitare (28%); me-
toda hidrotermala (26%); formarea de microemulsii
(20%) metoda discompunerii termice (9%), piroliza
indusa de lazer (14%); metoda biologica mediata de
proteine (66%):; metoda biologica mediata de bacte-
rii (21%) si a. (figura 3). [22, 28, 37, 40].

Methods of
MNPs synthesis

Chemical Physical Biological
Synthesis Synthesis Synthesis

77 I GeE

ELECTROLYSIS Plant Algae

1
o —
: @ - = l =
Stabilization e M o T,
®) ©® Small size ST —
2 NPs 4 pe 2

T Reduction
| ’

:f,jﬁz‘ ek g 5 Heat
@ Synthesis | 3 |

Figura 3. Illustrarea schematica a fluxuri-
lor tehnologice de obtinere a NPM.
https://www.frontiersin.org/arti-
cles/10.3389/fchem.2021.629054/full

MNPs

= Metode chimice de obtinere a NPM FeO: Tehnica
co-precipitdrii. Cea mai simpla si eficienta cale
chimica de a obtine particule magnetice este
tehnica co-precipitarii. Oxizii de fier, sub forma
magnetitei (Fe304) sau maghemitei (-Fe203),
sunt preparati prin ,imbatranirea” mixturilor sto-
ichiometrice de saruri feroase si ferice in mediu
apos alcalin.
Fe2+ + 2Fe3+ + 80H- — Fe304 + 4H20
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Magnetita nu este foarte stabila si este sensibi-
|3 la oxidare ceea ce duce la formarea maghemitei
(-Fe203). Principalul avantaj al procesului de copre-
cipitare este ca se pot sintetiza o cantitate mare de
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nanoparticule; totusi controlul distributiei dimensi-
unilor particulelor este limitat (figura 4).
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Figura 4. Schema sintezei nanoparticulelor magnetice de oxid de fier utilizand metoda co-precipi-

tarii [3].

In acest exemplu, precursorii (cloruri de Fe2 + /
Fe3 +, sulfati sau nitrati) sunt dizolvati intr-o solu-
tie acida. Apoi, se adauga o baza puternica pentru a
creste pH-ul> 8 intr-un mediu neoxidant. Metoda de
coprecipitare clasica genereaza o distributie larga a
dimensiunilor. Sinteza unor nanoparticule de oxid de
fier cu dimensiuni uniforme se poate face in nano-
reactori sintetici si biologici, ca structuri micelare in
solventi non-polari, custi de proteine de apoferitina,
dendrimere, ciclodextrine si lipozomi [48].

Co-precipitarea este o metoda cea mai adecvata
de obtinere a NPM FeO din solutie apoasa continand
Fe(ll) si Fe(lll) prin addugarea unei baze in condi-
tii anaerobe la temperaturi ambientale sau ridicate.
Prin urmare, modificarea conditiilor procesului men-

Nucleation { ..~
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Pir ¥
o
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g Oleic acid
o Fe:0: nanoparticles

L

tionat anterior este cheia in controlul in comporta-
mentul de dispersie al NPM FeO. Astfel, dimensiunea
si forma SPION-urilor pot fi adaptate cu succes de
starea pH-ului, a fortei ionice, a temperaturii, a natu-
rii sarurilor utilizate si raportul de concentratie Fell/
Felll. [30, 45].

Procedeu de descompunere termicd. Precur-
sorii organometalici (exemplu, glucuronatul de fier)
se descompun in solventi organici folosind surfac-
tanti ca agenti de acoperire in conditii anaerobe si
este o abordare foarte diversa pentru sinteza NPM
FeO. Descompunerea termica contribuie la obtine-
rea controlului asupra dimensiunii, formei si com-
portamentului la dispersie a NPM FeO (figura 5).

Growth
(> 300 oC)

1 x;
K

Figura 5. Descompunerea termica a glucuronatului de fier (lll) pentru a sintetiza nanoparticule de

Fe O, superparamagnetice [36].

Conditiile de reactie, de exemplu temperatura,
durata expunerii si imbatranirea pot fi, de aseme-
nea, vitale pentru controlul dimensiuniisi morfo-
logie. Temperatura de recoacere este un alt factor

care permite controlul dimensiunii si marimii, distri-
butia si anume dispersia NPM FeO. NPM FeO mono-
dispersate in intervalul de dimensiuni de 6-20 nm au
fost au fost obtinute prin descompunerea Fe(C0O)5
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catalizata de polimer. Precursorii care contin metal
zerovalent precum Fe(C0)5 conduc initial la forma-
rea de nanoparticule metalice urmata de oxidare cu
obtinerea de NPM FeO monodisperse de inalta cali-
tate [36].

Metoda hidrotermala. Calea hidrotermala sau
solvotermala este una dintre cele mai multe meto-
de de succes pentru prepararea nanoparticulelor
magnetice si pulberi ultrafine. In general, sinteza
hidrotermala este insotesta de temperaturi mai ridi-
cate (125-250°C) la presiuni foarte mari (0,3-4 MPa).
Nanoparticule magnetice pulverulente de oxid de
fier cu diametrul de 40 nm au fost obtinute folosind
calea hidrotermala (140°C). Concentratia precursori-
lor controleaza dimensiunea si distributia acestora.
O crestere a concentratiei precursorilor cu restul va-
riabilelor mentinute constante duc la particule sferi-
ce (15,6-4 nm). Metoda hidrotermala este preferata
fatd de alte metode din cauza avantajelor sale de a
produce NPM de forma si dimensiuni scontate, cu
cristalinitate ridicata si compozitie consistenta [31].

Metoda poliol. Metoda poliol este o abordare sin-
tetica in faza lichida pentru NPM FeO in alcooli multi-
valenti si conditii specifice de fierbere. Etilenglicolul
este cel mai simplu reprezentant al familiei poliolilor
si, pe baza aceasta, poliolii cuprind o serie de glicoli:
dietilen glicol, trietilen glicol, tetraetilen glicol pana
la polietilen glicol. Polietilen glicolul este disponibil
intr-o gama larga de greutati moleculare iar produsul
respectiv poate contine pana la 100.000 grupari eti-
lena; alte exemple din aceasta familie sunt propan-
diolul, butandiolul, pentandiolul, glicerolul si pen-
taeritritolul si anumiti carbohidrati. Poliolul este o
abordare foarte promitatoare de sinteza a NPM FeO,
avand potentialul de utilizare in imagistica prin re-
zonanta magnetica. Motivul succesului metodei po-
liolilor este ca toti acesti polioli sunt comparabili cu
apa si chelatii; poliolii se coordoneaza instantaneu la
nucleele formate si aceasta permite un control ex-
celent al formei, dimensiunii particulelor, dispersita-
tea si distributia particulelor. indepartarea poliolilor
se poate realiza cu usurintd prin spalare repetata
cu apa simpla, schimbatoare de coordonare precum
carboxilatii, aminele etc. si recoacerea termica [10].

Metoda de sinteza a NPM prin intermediul
microemulsiilor. Cand doi solventi nemiscibili sunt
amestecati impreuna, are loc formarea unei disper-
sii izotrope stabild termodinamic care este definita
ca microemulsie cu prezenta unui strat interfacial al
moleculelor de surfactant. Surfactantul este o mo-
leculd amfifila jucand rolul de a reduce tensiunea in-
terfaciald apa-ulei pentru a da o solutie transparen-
ta. Tehnica de microemulsie are mai multe avantaje
in comparatie cu alte strategii sintetice. De exemplu,
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cu utilizarea unui echipament simplu pot fi sintetiza-
te o mare varietate de nanomateriale cu un control
excelent asupra dimensiunii, formei si compozitiei.
Microemulsiile de apa-in-ulei se formeaza atunci
cand micropicaturi (pana la 50 nm) de apa incon-
jurate de un monostrat de molecule de surfactant
sunt dispersate in faza continua a unei hidrocarburi
[10].

Metoda Sol-Gel. Procesul sol-gel este o cale
umeda adecvatd pentru sintezaa oxizilor metalici
nanostructurati. Aceasta metoda se bazeaza privind
hidroxilarea si condensarea precursorilor moleculari
in solutie, generand un ,sol” de particule nanometri-
ce. ,Solul” este apoi uscat sau ,gelificat” prin inde-
partarea solventului sau prin reactie chimica pentru
a obtine o retea tridimensionala oxid metalic. retea.
Proprietatile gelului depind foarte mult de structura
creata in timpul etapei sol a procesului sol-gel. Sol-
ventul folosit este in general apa, dar precursorii pot
de asemenea, sa fie hidrolizata de un acid sau baza.
Cataliza de baza induce formarea unui gel coloidal,
in timp ce cataliza acida da o forma polimerica a
gelului. Aceste reactii sunt efectuate la temperatu-
ra camerei; alte tratamente termice sunt necesare
pentru a obtine starea cristalina finala.

Deprotonation

3+ 3-
Fe ™ +H0 = Fe(OH),
— o Cxidation - Magnetite
e Dehydration Fegly
pH 8.0, 80 °C

Figura 6. llustrarea schematica a mecanismului

de formare a magnetitei in mediu basic [17].

In figura 6 este prezentat un mecanism de re-
actie de formare a magnetitei prin tehnica sol-gel.
Ordinea magnetica in sistemul sol-gel depinde de
fazele formate si de volumul particulelor [32].
= Metode fizice de obtinere a NPM FeO. Metode-

le fizice constau in abordari .de sus in jos” si .de

jos in sus”. In abordarea de sus in jos, materialele
in vrac sunt rupte in particule de dimensiuni na-
nometrice, adica prin macinarea cu bile de inalta
energie. Este dificil s& se obtind NPM de forma
si dimensiunea dorité prin zdrobire mecanica. In
cazul abordarii de jos in sus, particulele fine, bine
dispersate si la scara nanometrica pot fi obtinute
decéat abordarea de sus in jos. Exemplul de abor-
dare de jos in sus este evaporarea cu laser Unele
alte metode fizice, cum ar fi metoda de explozie

a sarmei si metoda de condensare a gazuluiinert,

sunt, de asemenea, utilizate pentru a obtine NPM.

Metoda de mdcinare cu bile/Metoda mecani-
cd. Macinarea cu bile este o abordare de sus in jos
a producerii de NPM din materialul in vrac. Este un
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proces simplu si convenabil care implica mécinarea
mecanica a particulelor cu textura grosiera in parti-
cule cu textura fina. Principiul de lucru este foarte
simplu; materiile prime sunt inchise intr-un mic vas
cilindric gol, care contine multe bile de otel ca mediu
de macinare. Bilele aplica energie cinetica materia-
lului solid ca urmare a ciocnirilor continue dintre bile
de otel si materialele solide, ceea ce are ca rezultat
o pulbere de dimensiuni nano/micro. Raportul bile
la pulbere, dimensiunea bilelor, viteza de vibratie si
timpul de macinare sunt principalii factori care afec-
teaza procesul de formare a cristalelor de dimensi-
une nano/micro. Principalul dezavantaj al acestui
proces este contaminarea produsului. Particulele au
o distributie larga a dimensiunilor in comparatie cu
cele sintetizate prin metode chimice [32].

Evaporare cu laser. Evaporarea cu laser este
0 abordare de jos in sus in care nanoparticulele se
formeaza prin condensare din faza lichida sau ga-
zoasa. Evaporarea cu laser numita si ablatie cu laser
este o tehnica simpla in care se aplica laser de inalta
energie pentru producerea de NPM. Aceasta metoda
este, de asemenea, potrivitd pentru producerea de
NPM FeO. In acest proces, particulele cu textura gro-
siera (in intervale de dimensiuni um sau mm) sunt
selectate ca materii prime si sunt evaporate sub fo-
calizarea fasciculului laser. Materialul este plasat in
partea de jos a unei celule scufundate intr-o solu-
tie lichida si vizat de raza laser focalizata. Iradierea
materialului intr-o solutie are loc printr-un fascicul
laser. Vaporii materialului sunt raciti in fazé gazoasa
si ca urmare are loc o condensare si nucleare rapi-
da care duc la formarea de nanoparticule. Aceasta
metoda este eficientd din punct de vedere al cos-
turilor si nu necesita nici un produs chimic scump si
nu produce deseuri periculoase, ca in metodele de
chimie umeda [4].

Metoda de explozie a firului. Tehnica explo-
ziei cu sarma este o noua tehnica fizico-chimica,
care este un proces sigur si curat pentru sinteti-
zarea NPM. Aceastad metoda este un proces extrem
de productiv intr-o singura etapa, care nu necesi-
ta pasi suplimentari, cum ar fi separarea NPM din
solutie si retratarea produselor secundare. Aceas-
ta metoda a fost folositd anterior pentru a prepa-
ra NPM FeO pentru indepartarea arsenului din apa.
Este sigur pentru mediu si necesita energie minima
pentru a produce nano pulberi mai putin contami-
nate. NPM produse prin aceastd metoda nu sunt
monodispersate. Pirolizele cu spray si laser sunt
metode specifice ai tehnologiei cu aerosoli, proce-
se chimice continue care permit o rata mare de pro-
ductie a nanopaarticulelor. Prin piroliza cu spary, o
solutie de saruri ferice si un agent reducatorin sol-
vent organic este spray-at intr-o serie de reactori,
unde solutia de aerosoli condenseaza si solventul
se evapora. Reziduul uscat rezultat este format din
particule ale caror dimensiuni depinde de marimea

initiala a picaturilor originale [23,44].

Metoda biologica de obtinere a NPM FeO. Sin-
teza biologica a nanomaterialelor metalice prin re-
surse vegetale este in prezent in curs de dezvoltare
si una dintre cele mai cercetate. Sinteza NPM medi-
ata de plante este cea mai moderna optiune pentru
cercetatori. Pot fi folosite ca materie prima diferite
parti ale plantelor, inclusiv tesut, extracte, sucuri si
alte parti ale plantelor proaspete. Asa numitele ,me-
tode verzi” sunt ecologice, sigure, non-toxice si sunt
de mare importanta in aplicatii biomedicale (figura
18). Resurse biologice, inclusiv microorganisme, en-
zime, ciuperci si extracte de plante au fost utilizate
ca materii prime alternative ecologice pentru sinte-
za nanoparticulelor [14].

Sinteza de NPM asistatda de ciuperci. Ciu-
percile sunt surse bogate de metaboliti secundari
si biomolecule active care sunt foarte esentiale
pentru sinteza NPM. Unele specii de fungi precum
F.oxysporum secretad proteine, polimeri si enzime
care contribuie la producerea de NPM. Acesti con-
stituenti imbunatatesc randamentul si stabilitatea
NPM. S-a constatat ca, mai multe specii de ciuperci
au capacitatea de a sintetiza NPM folosind resturi
extracelulare de aminoacizi. De exemplu, suprafa-
ta drojdiei contine acid glutamic si acid aspartic cu
proprietati reducatoare. Au fost folosite micelii de
R.oryzae pentru sinteza de nano-conjugate de aur
prin reducerea in situ a acidului cloroauric (HAuCl,)
in mediu acid (pH 3). S-a constatat cad biomasa de
ciuperci la expunerea in AgN03, in mediu acid sinte-
tizeaza intracelular nanoparticule [13].

Sinteza de NPM asistata de bacterii. Sinteza
de NPM asistata de bacterii are loc in doua moduri:
abordari extracelulare si intracelulare. Sinteza ex-
tracelulara a NPM are avantaj fatd de metoda intra-
celularad deoarece se cere mai putin timp si nu este
necesitatea de colectare a NPM din organisme. Bac-
teriile contin enzima, reductaza in interiorul celulei
care catalizeaza reducerea ionilor metalici in NPM.
Anumite specii de bacterii, precum D.radiodurans
are activitate antioxidanta mare si este foarte rezis-
tenta la radiatii si stres oxidativ. Astfel, le face favo-
rabile pentru utilizare in sinteza ,verde” a NPM de Au
din forma sa ionica. Aceste NPM de Au au rezentat
stabilitate Tnalta in timp si proprietati antibacteriene
inalte. De asemenea, au fost folosite si alte specii de
bacerii, cum ar fi, Leptothrix pentru sinteza NPAu
prin reducerea sarii de aur in solutie apoasa. S-are-
marcat ca acea sare de aur a fost redusa cu reziduuri
de guanina ale moleculelor de ARN si 2-deoxi guano-
zina. [25, 26, 42].

Sintezd de NPM asistatda de plante. Sinteza
asistatd de plante a NP-urilor este mai eficienta in
ceea ce priveste obtindndu-se un randament mai
mare decéat sinteza microbiana. Plantele au mai multi
metaboliti si substante biochimice (de ex. polifenoli)
care pot functiona ca agent stabilizator si reducator
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in sinteza a NPM biogene. Sinteza mediata de plante
a NP este ecologica (evitand utilizarea substantelor
chimice toxice) si economica. NPM obtinute din sur-
se vegetale s-au dovedit a fi mult mai stabile decat
cele formate din microbi si ciuperci. Sinteza de NPM
mediata de plante poate fi clasificata in trei grupe:
extracelulara, intracelulara si prin fitochimice. Me-
toda extracelulara este folositad atunci cand extrac-
tul din planta este utilizat ca material initial. Sinteza
intracelulara are loc in interiorul celulelor tesutului
vegetal prin implicarea enzimelor intracelulare. Dupa
sinteza, NPM sunt recuperate prin ruperea perete-
lui celular. Sinteza NP-urilor din extractul de planta
este comparativ o metoda maiieftina si are ca rezul-
tat un randament mai mare datorita prezentei unei
cantitati mai mari de substante fitochimice in ex-
tractul de planta care poate stabiliza sau reduce io-
nii metalici in NP metalice (figura 7). Sinteza mediata
fitochimic a NP nu este un proces obisnuit, deoare-
ce necesita cunostinte despre fitochimia particulara
necesara pentru sinteza NPM stabilizate [14].
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Figura 7. Sinteza NPM mediata de plante care
prezinta o reducere si o stabilizare de
catre metabolitii secundari prezentiin
extractele de plante [6, 29]

Plantele si/sau partile lor s-au dovedit a fi benefi-
ce fata de celelalte procese biologice precum micro-
biene sau resurse enzimatice. Plantele sunt resurse
naturale disponibile pentru sinteza biologica de NPM
datoritd continutului de substante reducatoare, de
exemplu acid citric, acid ascorbic, flavone, enzime
brute precum dehidrogenaze, reductaze care joaca
un rol important in sinteza biologica a nanoparticu-
lelor [6, 29].

Functionalizarea si stabilizarea nanoparticu-
lelor magnetice NPM FeO au suprafete hidrofobe
cu un raport mare suprafata-volum in absenta unui
material de acoperire a suprafetei. Aceste particu-
le se aglomereaza si formeaza grupuri mari datorita
interactiunilor hidrofobe intre particule, rezultand
particule de dimensiuni mari. Aceste clustere pre-
zinta atractii puternice dipol-dipol magnetic cu un
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comportament feromagnetic. Fiecare dintre ele in-
tra in campul magnetic al vecinului cand doua gru-
puri mari de particule se apropie unul de altul. In plus,
fatd de activarea fortelor atractive intre particule,
fiecare particula se afla in cdampul magnetic al veci-
nului si primeste magnetizare in continuare. Magne-
tizarea reciproca are loc datorita aderarii particulelor
magnetice rdmase ceea ce rezultatad proprietati de
agregare crescute. Deoarece particulele sunt atrase
magnetic, pe 1anga cele obisnuite de floculatie, mo-
dificarea suprafetei este adesea indispensabilad. Un
strat de densitate mare este adesea de dorit pen-
tru a stabiliza NPM FeO. A prevenia agregarea sta-
bilizatorului de particule la scard nanometrica, un
surfactant sau un polimer este de obicei adaugat in
momentul de sinteza. Majoritatea acestor polimeri
adera la suprafete iIn amod specific substratului.
Stabilizatorii care previn agregarea sunt, in general,
surfactanti (oleat de sodiu, dodecilamina, carboxi-
metilceluloza sodica). Materialele cu acoperire po-
limerica pot fi clasificate ca sintetice sau naturale.
Exemple de polimeri sintetici sunt: polietilenglicol,
poli(alcool vinilic), acid poli(lactic-co-glicolic), poli(-
vinil-pirolidona), poli(etilen-co-vinil acetat), etc. Sis-
teme polimerice naturale includ utilizarea de gelati-
na, dextran, chitosan etc. [7, 8, 10]. Datorita faptului
ca aplicatiile biomedicale ale NPM au nevoie de ce-
rinte speciale pentru a controla actiunea interfacia-
1a, functionalizarea suprafetelor NPM este indispen-
dabild. Functionalizarea este un proces util pentru
imbunatatirea stabilitatii coloidale in medii biologice
complexe care afecteaza recunoasterea moleculara
(figura 8).
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Pentru a imbunatati stabilizarea in solventi ne-
aposi, NPM sunt de obicei acoperite cu un strat de
hidrocarbur. Tn schimb, aplicatiile biomedicale ne-
cesitd NPM hidrofile si biocompatibile. Adaugarea
ligandului, schimbul de ligand si acoperirea cu silice
hidrofilad sunt cele mai utilizate metode importante
pentru functionalizarea suprafetei; straturile orga-
nice si anorganice vor creste stabilizarea si rezisten-
ta la oxidare in apa sau aer umed [12, 31].

CONCLuzII

In functie de natura materialului de acoperire de-
osebim NPM acoperite: cu nanosilice; polimeri; lipi-
de de tip vezicula si NPM superparamagnetice. Caile
sintetice de obtinere a NPM FeO sunt selectate cu
scopul de a controla, forma, si imprima stabilitate
stabilitate tendintelor de dispersie. Metodele de ob-
tinere a NPM FeO pot fi clasificate in: metode chi-
mice (90%); metode fizice (8%); si metode biologice
(2%). Dintre metodele chimice de sinteza prezinta
interes: tehnica co-precipitarii; metoda hidroterma-
1a; metoda poliol; metoda Sol-Gel. Aceste metode
permit obtinerea de nanopoarticule cu forma si ma-
rimea scontata. Sinteza NPM mediata de plante este
cea mai moderna optiune pentru cercetatori. Este
o metoda ecologica, sigura, non-toxica si este de
mare importantd biomedicalad. Datoritd faptului ca
aplicatiile biomedicale ale NPM au nevoie de cerin-
te speciale pentru a controla actiunea interfaciala,
functionalizarea suprafetelor NPM este indispenda-
bila.
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Abstract. Viral hepatitis C (VHC) is one of the leading causes of chronic liver disease and the overall preva-
lence of infection in 2019 has been estimated at approximately 1%. The aim of this study was to investiga-
te the efficacy and tolerability of different antiviral drugs in the treatment of VHC. Data on the treatment
of VHC in the National Programme for the Control of Viral Hepatitis were analysed. The clinical study was
conducted in the Hospital for Infectious Diseases Toma Ciorbd during 2020-2021. The use of treatment
with direct-acting antivirals is successful, with a failure rate of less than 0.5%, but also more than 6%
among genotype 3. For patients resistant to the treatment regimens used in the National Programme, the
use of genotype-specific treatment, as recommended by the European Association for the Study of the
Liver (EASL), is required. Based on the study of disease records, the Declatasvir + Sofosbuvir and Sofos-
buvir + Ribavirin regimens for chronic VHC show treatment efficacy of about 98% and 87.3 respectively for
12-24 weeks.

Key words: viral hepatitis, management, antiviral drugs.

Rezumat. Hepatita virala C (HVC) este una dintre principalele cauze ale bolilor hepatice cronice, iar pre-
valenta generala a infectiei in 2019 a fost estimata la aproximativ 1%. Scopul studiului este cercetarea
eficientei si tolerabilitatii diferitor preparate antivirale in tratamentul hepatitei virale C. Au fost analizate
datele privind tratamentul hepatitei virale C in cadrul Programului National pentru controlul hepatitelor
virale. Studiul clinic a fost efectuat in Spitalul Clinic de Boli Infectioase Toma Ciorbd pe parcursul anilor
2020-2021. Utilizarea tratamentului cu antivirale cu actiune directa este de succes, rata esecului fiind mai
putin de 0,5%, dar totodata mai mult de 6% in randul genotipului 3. Pentru pacientii rezistenti la schemele
de tratament utilizate in cadrul Programului National este necesar tratamentul genotipic specific, conform
recomandarilor Asociatiei Europene pentru Studiul Ficatului (EASL). In baza studiului fiselor clinice de boa-
|3, schemele de terapie cu Declatasvir + Sofosbuvir si Sofosbuvir + Ribavirina pentru HVC manifesta efica-

citate de circa 98% si 87,3 respectiv, timp de 12-24 saptamani.
Cuvinte cheie: hepatita virala, management, preparate antivirale.

INTRODUCERE

Hepatita virald C (HVC) reprezintd o problema
majora de sanatate publica, atat la nivel mondial,
cat si pentru Republica Moldova, datorita raspandi-
rii largi si endemice, morbiditatii si mortalitatii cres-
cute, a ratei mari de invaliditate in urma cronicizarii
infectiei. Infectia cu virusul hepatitei C (VHC) este
una dintre principalele cauze ale bolilor hepatice
cronice, iar prevalenta generald a infectiei cu VHC in
2019 a fost estimaté la aproximativ 1% [9]. In fiecare
an, in diferite zone geografice apar peste 100000
de cazuri de hepatita fulminanta, 400000 cazuri de
hepatita cronica, 700000 cazuri de ciroza hepatica
si 300000 cazuri de carcinom hepatic primar. Orga-
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nizatia Mondiald a Sanatatii avertizeaza ca hepatita
virala afecteaza 400 de milioane de persoane la ni-
vel global si, avand in vedere dimensiunea epidemiei,
oricine si oricand poate fi in pericol. in acelasi timp,
se estimeaza ca aproximativ 95% dintre persoanele
cu hepatitd nu sunt constiente de infectia lor. Prin
realizarea testarii la marcherii hepatitelor virale, per-
soana infectata poate fi usor diagnosticata [4].
Utilizarea noului tratament cu antivirale cu actiu-
ne directa (DAA) in hepatita virala C, are un raspuns
viral sustinut de 95-100%, acesta fiind un argument
pentru continuarea Programului National privind
controlul hepatitei virale C pentru anii 2017-2021,
in Republica Moldova. Morbiditatea populatiei prin
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hepatite acute si cronice are consecinte socio-eco-
nomice extrem de grave. Impactul economic al mor-
biditatii prin hepatite virale in Republica Moldova in
anii 2007-2020 a constituit 262 541 mii lei. Prejudi-
ciul economic prevenit ca urmare a realizarii progra-
melor nationale de combatere a hepatitelor virale B,
C si D in Republica Moldova, pentru perioada anilor
2007-2020, a constituit 809 323 mii lei. Bugetul pro-
gramelor nationale de combatere a hepatitelor virale
B, C si D in Republica Moldova, in anii 2007-2020, a
constituit 78 138 mii lei [5, 10].

La nivelul asistentei medicale primare, CNAM fi-
nanteaza un sir de servicii acordate de medicul de
familie impreuna cu echipa sa, inclusiv investigatii
de laborator, eliberarea biletelor de trimitere la me-
dicul infectionist. Bolnavii de hepatita si ciroza he-
patica beneficiaza si de medicamente compensate
(acidum ursodeoxycholicum, silymarinum). In cazul
spitalizarii, CNAM achita cheltuielile pentru cazuri-
le tratate [10]. De mentionat ca, datoritd efectuarii
masurilor de profilaxie in cadrul Programelor Natio-
nale de combatere a hepatitelor virale, s-a obtinut
stabilizarea incidentei prin hepatita cronica si ciro-
24 hepatica cu tendinta spre diminuare. intrucat nu
existd un vaccin eficient, problema primordiala este
diagnosticarea precoce a hepatitelor virale si initie-
rea tratamentului antiviral care ar contribui la eradi-
carea virusului la un numar mare de pacienti [6, 7].

SCOPUL LUCRARII
Studierea eficientei si tolerabilitatii diferitor pre-
parate antivirale in tratamentul HVC.

MATERIALE S| METODE

Au fost analizate datele privind tratamentul he-
patitei virale C in cadrul Programului National pen-
tru controlul hepatitelor virale. Studiul clinic a fost
efectuat in cadrul Spitalului Clinic de Boli Infectioase
Toma Ciorbd pe parcursul anilor 2020 - 2021.

Datele clinice au fost colectate din 80 fise me-
dicale, precum si foi de tratament. O parte dintre
pacientii diagnosticati cu hepatita virala C, mai ales
cei cu forme simptomatice, active sau severe de
afectiune au fost internati in spital, iar cei cu forme
usoare si asimptomatice au fost monitorizati prin
ambulatoriul de specialitate. Pacientii din studiu au
fost selectati tindnd cont de complianta acestora,
posibilitatea programului vizitelor pe o perioada de
aproape un an de zile, disponibilitatea de a efectua
investigatii de laborator si/sau examene serologice.

REZULTATE SI1 DISCUTII
In Republica Moldova, de reguld, mé&surile de
combatere si prevenire a hepatitelor virale sunt sti-
pulate in Programele Nationale aprobate prin hota-

rari ale Guvernului Republicii Moldova. Ca urmare a
realizarii primelor trei programe, dar si prezentului
Program National de combatere a hepatitelor virale
B, C si D pentru anii 2017-2021 (aprobat prin hotara-
rea Guvernului nr. 342 din 26.05 2017), se observa o
tendinta vadita de diminuare a morbiditatii prin he-
patite virale. Din totalul hepatitelor virale parentera-
le, pe parcursul anilor doar ponderea HVC acute se
majoreaza de la 18,3% in anul 1997 pana la 67,1% in
2017 [9, 10].

Pentru diminuarea morbiditatii prin hepatite vi-
rale parenterale este primordiald stabilirea corec-
ta a diagnosticului lor. In acest context, prezentul
program prevede dezvoltarea seviciilor de laborator
si de screening al HVC cu determinarea genotipu-
lui VHC, in deosebi la persoanele din grupele cu risc
sporit. Genotipul VHC 1b este tipul predominant in
Republica Moldova, in timp ce genotipurile 2, 3 si 4
sunt cu frecvente mai mici (1-2%). Populatia cea mai
afectata este intre 25-49 de ani si nu exista nicio di-
ferentd dupa gender [5].

Controlul si combaterea hepatitelor virale paren-
terale nu pot fi eficiente fara masuri de tratament
oportune. Datele recente sugereaza ca riscul de
hepatita cronica virald C si mortalitatea legata de
patologia hepatica este redusa semnificativ la paci-
entii cu ciroza hepatica la care s-a obtinut eradica-
rea VHC, comparativ cu pacientii netratati si respon-
denti virusologici ne-sustinuti, in special in prezenta
cofactorilor de morbiditate hepatica, cum ar fi sin-
dromul metabolic, consumul nociv de alcool si/sau
coinfectia cu virusul B [2].

Pentru a reduce morbiditatea hepatitei virale
acute si a prevalentei hepatitei cronice, a cirozei si
a cancerului hepatic primar, Ministerul Sanatatii, in
colaborare cu Centrul National pentru Sanatate Pu-
blica din Republica Moldova, a dezvoltat mai multe
programe nationale incepand cu anul 1997 [5].

Primele trei programe au inclus terapia pe baza
de interferon (Pegases) si ribavirind (Copegus), insa
rezultatele tratamentului au fost nesatisfacatoare,
cu rata de vindecare sub 60%, intoleranta crescu-
ta, prezenta efectelor nefaste si rata eradicarii joasa
[3. 7, 8]. Al patrulea Program National pentru com-
baterea hepatitelor virale B, C si D, desfasurat pe
parcursul anilor 2017-2021 a inclus tratamentul cu
antivirale cu actiune directa (DAA) [5]. Tinta majora
a DAA o constituie proteinele cu importanta vitala in
procesul de replicare al VHC. Mecanismul de actiune
al substantelor antivirale este nemijlocit corelat cu
ciclul vital si replicativ al VHC [9].

Antiviralele cu actiune directd (DAA: direct-ac-
ting antivirals) se clasifica in 3 grupuri:

1. Inhibitorii proteazei NS3/4A (glecaprevir, gra-
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zoprevir, paritaprevir, simeprevir, voxilaprevir)
2. Inhibitorii proteinei NS5A (daclatasvir, elbas-
vir, ledipasvir, ombitasvir, pibrentasvir, velpa-
tasvir)
3. Inhibitorii ARN-polimerazei NS5B, ARN depen-
dente:
a) inhibitori polimerazici nucleotidici/nucleozi-
dici (NPIs) - sofosbuvir (analog nucleozidic);
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b) inhibitori polimerazici non-nucleozidici
(NNPIs) - dasabuvir [4].

La momentul actual, cu scop de a asigura efi-
cienta, scaderea rezistentei, rdspunsul virusologic
sustinut (RVS) si complianta la tratament, prepara-
tele antivirale sunt produse sub forma tabletata, in

diferite asocieri cu doze fixe (tabelul 1) [3].

Tabelul 1. Doze siregim de administrare a preparatelor antivirale in HVC [1, 9]

SOF/VEL 400 mg sofosbuvir
100 mg velpatasvir
GLE/PIB 300 mg glecapresvir
120 mg pibrentasvir
SOF/VEL/VOX 400 mg sofosbuvir
100 mg velpatasvir
100 mg voxilaprevir
SOF/LDV 400 mg sofosbuvir
90 mg ledipasvir
GZR/EBR 100 mg grazopresvir
50 mg elbasvir
OBV/PTV/r +DSV 12.5 mg ombitasvir

75 mg paritaprevir
50 mg ritonavir
250 mg dasabuvir

Elaborarea si utilizarea DAA poate fi considera-
ta un progres major al farmacologiei moderne, rata
eradicarii fiind posibila in 95-100% cazuri, in functie
de gradul fibrozei, genotip si tratamentul adminis-
trat anterior.

In total 15.754 de pacienti au primit tratament
antiviral cu DAATn cadrul programului national pana
in luna iunie 2020. Toti pacientii au urmat intreaga
schema de tratament conform indicatiilor medicale.
Testele PCR cantitative au fost disponibile la 12 sap-
tdmani sau dupa finalizarea tratamentului pentru
100% pacenti [2].

Au fost utilizate doua scheme de tratament: una
pangenotipica, care includea daclatasvir + sofosbu-
vir (DAC + SOF) si o schema specifica pentru geno-
tipul 1 (cu incidenta cea mai mare in Republica Mol-
dova) care consta din ledipasvir + sofosbuvir (LDV +
SOF) [5]. Respectiv 9466 (60,1%) de pacienti au pri-
mit tratament cu LDV + SOF, toti fiind cu genotipul 1,
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1 comprimat/zi in timpul/in afara meselor

3 comprimate/zi in priza unica, la masa
1 comp: 100 mg+40mg

1 comprimat/zi

1 comprimat/zi

1 comprimat/zi

2 comprimate/zi in priza unica de (OBV/PBV/r)
2 comprimate/zi de DSV, dimineata si seara

si un numar de 6288 (39,9%) pacienti au urmat tra-
tament cu DAC + SOF [1, 5].

Preparatele adminisrate pacientilor in cadrul
Programului National sunt generice, produse in India
si Egipt. Durata curei de tratament a fost de 12-24
saptamani. Regimul de dozare s-a efectuat conform
schemei: DAC (60 mg) + SOF (400 mg) si LDV (90
mg) + SOF (400 mg), cate un coprimat o data pe zi
[5].

Un total de 15.685 pacienti au prezentat ras-
punsul virusologic sustinut (RVS), iar la 69 pacienti
(< 0.5%) a fost observata o ineficienta terapeutica,
dintre ei 63 fiind cu genotipul 3 si 6 cu genotipul 1. in
ceea ce priveste genotipurile, ratele RVS au fost de
99,6% pentru genotipul 1 si 93,6% pentru genotipul
3; pentru celelalte genotipuri, inclusiv cel mixt, rata
a fost de 100% [5]. Avand in vedere, ca in 2018 a fost
lansat noul ghid al EASL, privind managementul pa-
cientului cu HVC, se recomanda revizuirea scheme-
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lor de tratament pe viitor, in special pentru pacientii
cu genotipul 3, care poseda o rezistenta mai sporita
la tratament [2, 3].

Rezultatele studiului clinic pe baza analizei fiselor
de tratament a bolnavilor cu hepatita cronica virala
C internati in IMSP Spitalul Clinic de Boli Infectioase
Toma Ciorba denota, ca 53,75% (43) erau de genul
masculin si 46,25% (37) de genul feminin. Au fost
determinati markerii hepatitei virale C in grupele de
risc si s-a constatat, ca grupele de risc cu markeri
pozitivi (HBsAg, anti-HCV) o constituie personalul
medical (stomatologii - 34,6%), bolnavi din sectiile
de hemodializa (26.8%), personalul de la manichiura,
pedichiura, tatuaj (43,5%) si contingentul decretat

2022

(prostituate, narcomani) (57.5%) etc.

Pentru determinarea eficientei tratamentului, s-a
efectuat studiul clinic al pacientilor care au adminis-
trat schemele de tratament aprobate in Germania
(Harvoni). Acestea sunt (Declatasvir + Sofosbuvir)
timp de 12 sau 24 saptdmani si (Ledipasvir +Riba-
virin) timp de 24 saptamani, scheme care au devenit
intr-un timp scurt standardul pentru tratarea HVC.
Rezultatele eficientei tratamentului evaluata de in-
vestigator, denota ca in 98% schema tratamentului
cu Declatasvir + Sofosbuvir a avut rezultate bune
si excelente la pacientii cercetati, comparativ cu
schema Sofosbuvir + Ribavirind (eficientd in 87,3%
cazuri) (tabelul 2).

Tabelul 2. Eficienta tratamentului evaluat

Declatasvir + Sofosbuvir

Eficienta tratamentului

Sofosbuvir + Ribavirina

(24 de saptamani) (24 saptamani)
Excelent 72,7% 58,7%
Bun 25,3% 28,6%
Satisfacator 2% 12,7%

Slab

Foarte slab

CONCLUZII

1. Actualmente, procesul epidemic prin hepatite
virale parenterale acute are o tendinta de descres-
tere, care va fi mentinuta si pe viitor, ca urmare aim-
plementarii masurilor antiepidemice, terapeutice si
profilactice stipulate in Programul National de com-
batere a hepatitelor virale B,C si D pentru anii 2017-
2021.

2. Utilizarea tratamentului HVC cu antivirale cu
actiune directa este de succes, rata esecului la tra-
tament fiind mai putin de 0,5%, dar mai mult de 6%
in randul genotipului 3.

3. In baza studiului fiselor medicale, schemele
de terapie cu Declatasvir + Sofosbuvir si Sofosbuvir
+ Ribavirina pentru hepatita virala cronica C mani-
festa eficacitate a tratamentului de circa 98% si 87,3
respectiv, timp de 12-24 saptamani.
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